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Although several investigations have been attempted to determine the 
membrane potential and its change during fertilization in eggs of various echino-
derms and fishes, there are noticeable discrepancies between these results. This 
may be due to the difference in the measuring apparatus and to success or failure 
of penetration of the microelectrode into the egg. 
To ascertain the mentioned problems, an ultramicroelectrode technique hav-
ing recently advanced in the field of electrophysiology was applied to the eggs 
of the starfish, Aster{as amurensis and the sea-urchin, Hemicentrotus pulcherrimus. 
Electric potential differences between the inside and outside of the egg or between 
two different portions within an egg were differentially measured with a pair of 
capillary microelectrodes ( < 0.5 f' tips and containing 3M KCl), high impedance 
negative capacity input amplifiers connected to a three stage balanced DC-ampli-
fier, and a dual-]Jeam cathode ray oscilloscope. For the determination of the 
electric constants'' of the egg, changes in the potential of the egg were recorded 
when 10 or 20 msec. square pulses were applied through the third microelectrode 
( < 0.5 1• tips and containing 3M KCl) inserted into the egg and a reference electrode 
in the surrounding sea water. The current was recorded with one of the elements 
of the oscilloscope. 
Qualitatively, similar results were obtained both in starfish oocytes and in sea-
urchin eggs. When a potential electrode penetrates the egg, a negative potential 
with respect to the surrounding sea water is created abruptly. Values of this 
potential, which will be called "egg potential", are shown in Table I. The egg 
potential shifts when a square pulse is applied through the current electrodes as 
shown in Fig. I. Resistance and capacity of the plasma membrane, which are 
calculated from the size and the shape of such electrotonic potentials, are shown 
in Table I. The current-voltage relations become straight lines (Fig. 2). In 
the insemination experiment of starfish secondary oocytes, the magnitude of the 
egg potential decreases gradually by 2.1-R4 mV during fertilization, but no spike 
is observed in any stages of fertilization. The membrane resistance decreases by 
23-63 per cent during fertilization. When both of the two potential electrodes 
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Table 1 
Electric characteristics of echinoderm eggs 
egg potential 
(mY) 
memb rane resistance 
(ohm-cm2) 
memb rane capacity 
(t<F ; cm2) 
A . am!trcnsis 
p rimary oocy te 
-6.3~- 20.3 
(mean: - 14.7) 
secondary oocyte 
- S.Ih- - 25.4 
(mea n : - 17.5) 
290~1250 I 390~ 1480 I 
(
typical values : ) ( typical values : ) 
soo~6oo 5~~6~ 
1 .7~4.9 I 1.5~4.6 
(
typical val ues : ) (typical valu es : ) I 














(mean : - 8.9) 
180-710 






Fig. I . Shift o f egg potentia l 
(upper irace) during a pplication o f 
transmembrane current (lower trace) 
in an unfertilized H e111 icrntrotus egg. 
Time scale in msec. 
l'i~. 2. Current-voltage re la t ions in 
echinoderm eggs. 
@ : Primary oocyte of . .J . aumre11sis. 
Q , @ : Secondary oocyte of .'1. a.murensis 
before (0 ) and after (@) fer t ili zation. 
e : Un fert ilized t-gg o f 1-/ . pu!chcrrimus. 
are inserted into the cytoplasm of the st arfish primary oocytes, steady potential 
differences, sometimes amounting to 5 mV, are observed. This fact implies either 
that the inside of the cell is not equipotential or that some electromot ive forces 
which are different in each electrode are created at the t ips of the electrodes. 
\-Vhen a current is applied through the current electrodes, shifts of potential dif-
ferences between the two potential electrodes within the cytoplasm are scarcely 
observed except for transient changes at the times of make and break of the current , 
showing low speci fie resistance ( < 500 ohm-cm3 ) of the cytoplasm. In most cases, 
the inside of the germinal vesicle is positi ve by several millivolts with respect to 
the c.\'toplasm. The resistance of the membrane of the germi nal vesicle is smaller 
than 5 ohm-em'. 
